1. Apparently all disulphide bridges of transferrin and conalbumin were broken by reduction-alkylation, whereas sulphitolysis resulted in incomplete cleavage of disulphide bonds. 2. The molecular weights of reduced-alkylated and sulphitolysed transferrin and reduced-alkylated conalbumin were identical with those of native proteins in a number of solvents, indicating that these proteins exist as single polypeptide chains. 3. Viscosity studies indicated that reduced-alkylated transferrin possesses a partially ordered structure in 0-4M-urea, assumes a random-coil configuration in 6M-urea with a molecular weight of 84000 and is partially aggregated in 8M-urea.
Human serum transferrin and hen's-egg conalbumin have been extensively characterized in recent years (Feeney & Komatsu, 1966) . Ofspecial interest are the physical-chemical properties of denatured forms of these proteins because of the possibility that transferrin and conalbumin may exist as aggregates of two identical sub-units. This supposition is based on the fact that transferrin and conalbumin each possess two apparently identical iron-binding sites (Aasa, Malmstrom, Saltman & Vanngard, 1963) , in the case of transferrin two oligosaccharide chains (Jamieson, 1965) , and have relatively high molecular weights of 80000-90000 (Bain & Deutsch, 1948; Schultze, Heide & Muller, 1957) .
There is ample evidence to suggest that a dissociation of such possible sub-units cannot be effected by urea and guanidine hydrochloride, reagents used to bring about a dissociation of noncovalent interactions in proteins (Bezkorovainy & Grohlich, 1967) . Moreover, investigations by Bron, Blanc & Isliker (1968) suggest that transferrin may form aggregates in the presence of 8M-urea. However, a dissociation of transferrin into subunits was apparently accomplished by Jeppsson (1967) by using the reduction-alkylation reaction (Crestfield, Moore & Stein, 1963) in the presence of 8M-urea. The sub-units were reported to have a molecular weight of 39000-42000 by the equilibrium-centrifugation method. The transferrin samples used by Jeppsson (1967) produced 34-38 peptides when subjected to tryptic digestion, half the number expected. This finding, however, is inconsistent with that of Roop & Putnam (1967) , who noted some 70 peptides in their tryptic digests of transferrin.
Two other groups have subjected transferrin to the reduction-alkylation procedure. Thus Greene & Feeney (1968) compared the sedimentation properties of reduced-alkylated transferrin with similarly treated single-chain proteins whose molecular weights were close to that of native transferrin (albumin, mol.wt. 67800) and to that of the possible transferrin sub-unit (pepsin, mol.wt. 32 700). Reduced-alkylated transferrin behaved like reduced-alkylated serum albumin rather than like pepsin. Reduction-alkylation experiments performed on transferrin in our Laboratory (Bezkorovainy & Grohlich, 1967 ) also led to the conclusion that transferrin exists as a single polypeptide chain. However, our work may be criticized on the basis of the fact that the reduction experiments were done in 2M-and 6M-urea rather than the 8M-urea used by other authors.
The present paper is an extension of our previous work (Bezkorovainy & Grohlich, 1967) on the properties of denatured human serum transferrin and hen's-egg conalbumin with special emphasis on their possible quaternary structures. The denaturation was brought about by reductionalkylation with mercaptoethanol in the presence of 8M-urea by the method of Jeppsson (1967) and by sulphitolysis in 8M-urea by the method of Henschen (1964) .
MATERIALS AND METHODS
Tran8ferrin and conalbumin. Transferrin prepared from pooled human plasma by the Behringwerke Corp. was purchased from Hoechst Laboratories (Woodbury, N.Y., U.S.A.). Its purity had been earlier ascertained to be high (Bezkorovainy & Grohlich, 1967) . Crystallized conalbumin was purchased from Nutritional Biochemicals Corp. (Cleveland, Ohio, U.S.A.). The preparation was, however, inhomogeneous by the zone-electrophoresis method, and was purified by chromatography on DEAE-cellulose at pH8-3 followed by gel filtration on Sephadex G-200, as described for transferrin preparation by Line, Grohlich & Bezkorovainy (1967) . The final product was electrophoretically and ultracentrifugally homogeneous.
Reduced-alkylated transferrin and conalbumin were prepared by the method of Jeppsson (1967) . Dialysis of the modified transferrin against water had to be continued for 5 days before precipitation occurred; modified conalbumin was precipitated after 2 days of dialysis. Sulphitolysis of transferrin was done by the method of Henschen (1964) Solvents. All urea-containing solvents were prepared with 0-1m-NaHCO3, the final pH being 8-3 for 2-8M-urea solutions. For D20 solutions, 0.1m-NaHCO3 solutions in H20 and D20 were premixed in the required ratios (0%, 33%, 66% and 100% D20) and added to the appropriate amount of urea in a volumetric flask. Final urea concentrations were measured in the Technicon AutoAnalyzer programmed for blood urea determinations (Skeggs, 1957 (1965) , and densities were close to those expected for formulae presented by Gucker, Gage & Moser (1938 Noelken & Timasheff, 1967) . Various methods have been invoked with some success by different authors (e.g., Greene & Feeney, 1968; Ullmann, Goldberg, Perrin & Monod, 1968) to circumvent the problem. It has been our experience (Bezkorovainy & Grohlich, 1967) and the experience of others (Gagen & Holme, 1964; Gagen, 1966) (Schachman & Edelstein, 1966) ; however, urea (Gagen & Holme, 1964) and sucrose (Schachman & Lauffer, 1950) Scheraga & Mandelkern (1953) . In some instances molecular weights were determined from viscosity data as described by Tanford, Kawahara & Lapanje (1966) . This, of course, involves the assumption that the protein exists in the random-coil configuration. For the purpose of such calculations it was assumed that the reduced-alkylated transferrin has a molecular weight of 82000 (Table 3) RESULTS Amino acid analysi8. Table 2 lists the amino acid composition of reduced-alkylated transferrin and conalbumin and of sulphitolysed transferrin. The reduced-alkylated proteins had approx. 1 halfcystine residue/mol. of protein, whereas the sulphitolysed material had apparently retained significant amounts of its original half-cystine aftor the modification reaction.
Sedimentation of transferrins and conalbumin. Reduced-alkylated transferrin was partially soluble in 0-1 M-tris-hydrochloric acid and 0-1 M-sodium barbital buffers at pH8-6. However, ultracentrifugal analysis showed a considerable degree of aggregation of the protein in these solvents. Single symmetrical boundaries were observed for reducedalkylated transferrin in 0-2M-potassium chloride at pH11-5 and in 0-M-glycine-sodium hydroxide buffer at pH8-3. Likewise, single symmetrical boundaries were observed with sulphitolysed transferrin and reduced-alkylated conalbumin in 2-8M-urea at pH8-3. No heterogeneity of the reduced-alkylated transferrin preparations was observed when the ultracentrifugation was done in 4M-urea in the synthetic-boundary cell.
Apparent sedimentation coefficients (Sq values)
were plotted against concentrations (in mg./ml.) and extrapolated to zero concentration to give the Table 2 . Amino acid composition of modified and native transferrins and conalbumin A molecular weight of82 000 was asumed for the transferrins and 76 600 for conalbumin (Warner& Weber, 1951 S7o values shown in Table 3 . The slopes of these curves (dS-q/dc; Table 3 ) were very similar for reduced-alkylated transferrin and conalbumin in solutions containing urea.
The ve_ value of reduced-alkylated transferrin was obtained by plotting the S49O values (Table 3) against their solvent densities (Table 1) , and the line obtained with the 0-6M-urea solutions was extrapolated to Sr°0 = 0. The S770 value obtained in 8M-urea was omitted because of the possible aggregation phenomenon (see below). The x intercept gave a value of 1-2401g./ml., and the reciprocal of this, the ve value, was 0-806ml./g. The S-j20 values were then corrected for the factor
(1-po-ve)/(l -pe) to give the SOO,, values shown in D°ow values ofsulphitolysed and reduced-alkylated transferrins were different, their S'q%O/D%O w values in 4M-urea were almost identical, indicating a similarity in molecular weights. On the other hand, the SqOID%O w value of reduced-alkylated conalbumin was lower than that of transferrin in 4M-urea, indicating a slightly lower molecular weight for conalbumin. The same picture emerges if the S-9 values of reduced-alkylated transferrin in 6M-and 8M-urea are compared with the corresponding values for reduced-alkylated conalbumin and sulphitolysed transferrin. These differences may, however, not be significant.
An attempt was made to determine the ve value of reduced-alkylated transferrin by the use of D20 as the density-varying component of protein solutions in the presence of constant amounts of urea. For solutions containing 5mg. of protein/ml. and 4M-urea, the followingSq values were obtained: in D20-H20 (1:2, v/v), 1-70s; in D20-H20 (2:1, v/v), 1-55s; in D20, 1-46s. It is-apparent that these sedimentation coefficients are abnormally Table 4 .
It appears that the [71] values for reduced-alkylated transferrin are constant at about 48ml./g. in the presence of 0-4M-urea. With higher urea concentrations the viscosity appears to increase until a value of 64.7ml./g. is reached in 8m-urea. A similar pattern is apparently followed by sulphitolysed transferrin. Calculation of molecular weight for reduced-alkylated transferrin from the viscosity data assuming random-coil configuration (see the Materials and Methods section) gave values of 65000 in 0-4M-urea, 84000 in 6M-urea and 101000 in 8m-urea.
DISCUSSION
The amino acid analyses of native transferrin and conalbumin (Table 2 ) are in excellent agreement with those of Roop & Putnam (1966) and of Williams (1962) respectively. The reductionalkylation reaction apparently produced no changes, other than in the half-cystine value, in the amino acid composition of transferrin. The half-cystine value indicated that no disulphide bridges were present in our reduced-alkylated transferrin preparations. On the other hand, sulphitolysis apparently did not produce a complete loss of disulphide bonds in transferrin. Viscosity (Table 4) , sedimentation-velocity and diffusion ( Table 3 ) data indicated that the sulphitolysed material was indeed more symmetrical or less extended than the reduced-alkylated form of transferrin. However, the same data indicated that the tertiary structure of sulphitolysed transferrin was closer to that of reduced-alkylated transferrin than to its native form.
It appears that Jeppsson's (1967) procedure 25 would indeed result in the complete disruption of disulphide linkages in transferrin. However, we were unable to reproduce the sedimentation coefficients or the molecular weights claimed by Jeppsson (1967) for the highly denatured form of transferrin: our S%o values appear to be in the region of 2 9s, whereas Jeppsson's value was 1*24s. The diffusion coefficients were, however, close: 2-80 x 10-7cm.2sec.-1 according to Jeppsson (1967) and 3415 x 10-7cm.2sec.-1 in our work.
Molecular-weight values obtained by the sedimentation-diffusion method in this work are about 82000 for both reduced-alkylated and native transferrin. These were somewhat lower than those previously reported from our Laboratory (87000; Bezkorovainy, 1966; Bezkorovainy & Grohlich, 1967) . The discrepancy can probably be explained on the basis of batch differences. The 82000 value is now in line with the values obtained by Roberts, Makey & Seal (1966) and by Leibman & Aisen (1967) . The molecular weight reported for conalbumin (84000) is consistent with that observed by Bain & Deutsch (1948) , although it is higher than that determined on the basis of iron-binding studies (Warner & Weber, 1951) . On the basis of the Sr°%/Do,w values (Table 3 ), it appears that the molecular weight of reduced-alkylated conalbumin is slightly lower than that of transferrin, i.e. lower than 82000. However, in view of the uncertainties arising from physical measurements in 4M-urea, these conclusions can be made only on a tentative basis.
As (Hill & Cox, 1965) . It thus appears that much caution is in order when attempting to perform ultracentrifugal analysis of denatured proteins in the presence of D2O. Vol. 110 769 in 6M-guanidine hydrochloride (Bezkorovainy & Grohlich, 1967) . Two explanations can be offered for this phenomenon. Thus, in view of the work of Bron et at. (1968) , one may propose that reducedalkylated transferrin particles aggregate in 8m-urea and exist in a random-coil configuration in 6M-urea.
The SO0 value of 3 09s, which admittedly is within experimental error of the 2* 8 s value obtained in 6m-urea, tends to support this view. Further, the [-q] value of sulphitolysed transferrin in 8M-urea was 52-7ml./g. (Table 4) , a value close to that expected for a random coil with a molecular weight of 80000. Yet, with many of its disulphide bridges intact, the sulphitolysed preparation could not possibly assume a random-coil shape, and thus an alternative explanation for the relatively high [71] value could be aggregation. If the above explanation of the observed viscosity differences is accepted, and since the [71] values of reduced-alkylated transferrin in 8M-urea and 6M-guanidine hydrochloride are identical, one could then conclude that 6M-guanidine hydrochloride is not as potent a dissociating agent as has formerly been believed.
On the other hand, it may be argued that molecular-weight determinations by the viscosity method are at best only approximations. Then, if 6M-guanidine hydrochloride is accepted to be a universal dissociating solvent, reduced-alkylated transferrin in 8M-urea must exist in a random-coil configuration and is probably partially ordered in 6M-urea. The latter explanation is probably more likely in view of its simplicity and the lack of more definitive evidence on the possible aggregation of reduced-alkylated transferrin in 8M-urea and 6M-guanidine hydrochloride.
The Scheraga-Mandelkern ,.values for reducedalkylated transferrin were 2'6 x 106 and 2-78 x 106 in 4M-and 6M-urea respectively, assuming the iv value to be 0-723. These values are probably within experimental error of the 2-5 x 106 value that is consistent with random coils.
The viscosity and sedimentation data presented in this paper are inconsistent with the proposal that transferrin and conalbumin exist as aggregates of two identical sub-units, and indicate that these proteins exist as single polypeptide chains. Our present position is thus consistent with our earlier findings (Bezkorovainy & Grohlich, 1967) and the work of Greene & Feeney (1968) , and in this respect does not support the findings of Jeppsson (1967) .
